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ABSTRACT  
 

Temporary road barriers are used to channel traffic during construction and maintenance of 
highway structures. Several hundred thousand of these barriers are currently in use in Illinois. 
The Illinois Department of Transportation (IDOT) has recently adopted a new design of the 
road barriers and effective July 01, 2008 the existing road barriers will no longer be used and 
will be replaced by the new barriers. This means that in the next 5 to 10 years, thousands of 
new barriers will be constructed. Use of coal combustion products (CCPs) in construction of 
temporary road barriers has not been reported so far. This is primarily due to the lack of 
available data demonstrating the effective use of Illinois CCPs in construction of temporary 
road barriers. This project was geared towards developing viable composites utilizing Illinois 
bottom ash, and demonstrating their suitability for construction of temporary road barriers. 
SIUC teamed up with City Water Light and Power, Springfield, Illinois (CWLP), Illinois 
Department of Transportation (IDOT), American Engineering Testing, Inc., and the largest 
manufacturer of precast concrete products in Midwest, Egyptian Concrete Co., Salem, 
Illinois (ECC) to achieve the objectives of this study. 
 
The goals of the study were accomplished by conducting a series of laboratory tests and 
monitoring the performance of full-size barriers made with Illinois bottom ash under actual 
field conditions. Based on a detailed laboratory study, two concrete composites prepared by 
replacing 100 percent of natural sand with Illinois PCC bottom ash and by replacing 50 
percent of natural sand with Illinois PCC dry bottom ash were identified. Full-size road 
barriers were constructed using these concrete composites and an equivalent conventional 
concrete. The results obtained so far show that the performance of barriers made with 
concrete composites is similar to those made with an equivalent conventional concrete. 



 

 

EXECUTIVE SUMMARY 
 
The main objectives of the project were to develop scientific data to demonstrate the 
effective use of Illinois PCC bottom ash in construction of temporary road barriers and to 
develop suitable composites containing Illinois PCC bottom ash that could be used to 
construct the barriers. It is important to note that IDOT has recently changed the design 
of road barriers and any new barriers are required to meet the new IDOT specifications. 
The old barriers will phase out of use by July 01, 2008, which means thousands of new 
barriers will be constructed in the next 5 to 10 years.  
 
To achieve the intended objectives, laboratory tests were performed on samples of 
concrete composites and an equivalent conventional concrete mixture, and full-size 
barriers were constructed using the concrete composites and an equivalent concrete 
identified during a detailed laboratory study. Laboratory tests on samples included 
compression, split tension, and flexure at various curing ages. In addition, tests were 
performed to determine air-void structure, resistance to freezing and thawing, and 
chloride penetrability. The barriers are being used on actual project sites by IDOT.  
 
Laboratory Testing on Concrete Composites 
 
Based on previous studies performed at Southern Illinois University Carbondale (SIUC), 
two concrete composites and an equivalent conventional concrete were selected to 
conduct laboratory testing and construct the barriers. The two concrete composites 
selected were: (1) 100 percent replacement of natural fine aggregate with PCC bottom 
ash (RB100); and (2) 50 percent replacement of natural fine aggregate with PCC bottom 
ash (RB50). Several samples were prepared and tested to determine strength, stiffness, 
and durability characteristics of concrete composites. Table 1 shows the mix designations 
with percent of different matrix constituents used to prepare the composites. Summary of 
laboratory test results is presented in this section. General Specifications used for all the 
mixtures are presented in Table 2. 
 

Table 1:  Mixture Constituents 
 

 
Mixture 

Designation 

Binders  
(%) 

Fine Aggregates 
 (%) 

 
Remarks 

Portland 
Cement 

PCC Fly 
Ash 

PCC Dry 
Bottom Ash 

Natural 
Sand 

RBCM 100 0 0 100 Control Mix 
RB50 100 0 50 50  
RB100 100 0 100 0  

 
 



 

 

 

Table 2:  General Specifications 
 

Description Specification 

Targeted Slump 4±½ in. 
Targeted Air Content 7 % 
Targeted 28 days Strength from the Lab Specimens (Prepared and Cured in 
lab under controlled conditions) 

5000 psi 

Targeted 28 days Strength from the Field Specimens (Prepared during 
construction and cured along with the barriers, i.e., not cured in water) 

4000 psi 

Water-to-cement ratio (w/c) for all mixtures 0.39 
   
 
Strength Characteristics from Laboratory Specimens. Strength of concrete is commonly 
considered its most valuable property, although, in many practical cases, other 
characteristics, such as durability, may in fact be more important. Nevertheless, the 
compressive strength test usually gives an overall picture of the quality of concrete 
because strength is directly related to the structure of the hydrated cement paste. 
 
Figure 1 shows the influence of curing age on compressive strength of concrete 
composites and conventional concrete. In addition, Figure 1 shows the compressive 
strength of concrete composites compared to that of an equivalent conventional concrete 
at each curing age. From Figure 1 it is clear that compressive strength of the composites 
increased with an increase in curing age but the rate of increase in compressive strength 
reduced after 28 days. Results also show that the compressive strength of the concrete 
composites studied in the investigation was less than that of conventional concrete up to a 
curing age of approximately 7 days. However, after 7 days of curing, compressive 
strength of concrete composites made with Illinois PCC dry bottom ash was observed to 
be either higher than or almost equal to that of an equivalent conventional concrete. 
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Figure 1. Compressive strength of concrete composites prepared and cured in the 

laboratory 



 

 

 

Strength Characteristics of Field Specimens (not cured in water). Figure 2 presents the 
summary of compressive strength results obtained from 6x12 inch cylindrical specimens 
prepared and tested by Egyptian Concrete Co. from the concretes used to construct the 
barriers. These samples were left outside with the barriers and were not cured in water. 
The results presented in Figure 2 are the average of all specimens prepared and tested 
from each type of mix. Two specimens were prepared and tested at each curing age from 
each batch of mix which was used to construct 2 barriers. As shown in Figure 2, the 
average compressive strength of concrete composite with 100 percent bottom ash after 28 
days is slightly higher than that of an equivalent concrete and the average compressive 
strength of concrete composite with 50 percent bottom ash is almost equal to that of an 
equivalent conventional concrete.  
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Figure 2. Compressive strength results from samples prepared during barrier 
construction and cured with the barriers under field environmental conditions 

(Samples prepared and tested by Egyptian Concrete Co.) 
 
 
Freeze-Thaw Characteristics of Concrete Composites 
 
Freeze-thaw tests were performed on specimens prepared using concrete composites and 
an equivalent conventional concrete. Tests were performed on two sets of specimens, i.e., 
specimens cured for 14 days before starting the tests and specimens cured for 28 days 
before staring the tests. Samples were prepared at SIUC and were tested by an 
independent testing agency, American Engineering Testing (AET). Table 3 presents the 
weight loss, length expansion, and relative dynamic modulus (RDM) of all the specimens 
tested after 302 cycles of freezing and thawing. Figure 3 shows the RDM of specimens of 
concrete composites compared to the RDM of specimens prepared from an equivalent 
conventional concrete after 302 cycles of freezing and thawing. The results presented in 
Table 3 show that the change in length of specimens prepared using Illinois PCC bottom 
ash is similar to that in the equivalent conventional concrete, except for RB100-28D 



 

 

 

which seams to be anomalous. Relative dynamic modulus of specimens prepared with 
Illinois bottom ash was observed to be slightly lower than that of the equivalent 
conventional concrete (Figure 3). However, RDM of all concrete composites was 
measured to be above 80 percent which represents good durability with regard to freeze-
thaw resistance. The report prepared by AET indicated mortar flaking in samples 
prepared using Illinois bottom ash which caused higher weight loss of specimens having 
Illinois PCC bottom ash.  
 

Table 3:  Freeze Thaw Data after 302 Cycles (Tests Performed by AET) 
 

Description Sample Number 
RBCM- 

14D 
RB50-
14D 

RB100-
14D 

RBCM- 
28D 

RB50-
28D 

RB100-
28D 

Wt. Loss, % 0.230 0.346 0.502 0.230 0.350 0.962 
Length Exp., % 0.024 0.027 0.025 0.024 0.025 0.052 
RDM, % 87 86 82 87 85 83 
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Figure 3. Relative dynamic modulus of concrete composites compared to an 
equivalent conventional concrete (Tests performed by AET) 
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OBJECTIVES 
 
Use of coal combustion products (CCPs) in construction of temporary road barriers has 
not been reported in the available literature which indicates that these products have not 
been used for construction of barriers. This is primarily due to the lack of technical data 
to convince the engineering community that coal combustion products could be used in 
construction of temporary road barriers without jeopardizing their field performance. The 
main objectives of the proposed project are to develop scientific data to demonstrate the 
effective use of Illinois PCC bottom ash in construction of temporary road barriers and to 
develop suitable composites containing Illinois PCC bottom ash that could be used to 
construct the barriers.   
 
 

INTRODUCTION AND BACKGROUND 
 
Several million tons of fly ash, bottom ash, and boiler slag are currently produced 
annually in Illinois from coal burning power-generating plants.  The largest volume of 
coal combustion products in Illinois consists of fly ash and bottom ash. Typically, most 
of these ashes are disposed off by dumping in ash ponds or hauling to landfills.  Because 
of the increasing costs associated with coal combustion ash disposal and the 
environmental regulations in place; the federal, state and local agencies, as well as the 
private sector have been taking an active part in sponsoring and promoting a growing 
number of programs and research studies to develop alternate methods for profitable and 
environmentally safe uses of these products.    
 
Fly ash has long been recognized as a construction material used frequently in Portland 
cement and concrete products, structural fills, embankments, and road bases/subbases. 
Several projects have progressed over the last few years for large volume use of fly ash 
and bottom ash to make value-added marketable products, e.g., ceramic tiles, fiber-
reinforced cement composites, bricks, piles, and other building materials. Coal 
combustion products have not been used in construction of road barriers so far mainly 
due to the lack of technical data to convince the engineering community that coal 
combustion products could be used in road barriers without jeopardizing long-term 
performance and structural integrity of the barriers to resist the anticipated forces. 
 
Based on a previous study performed at Southern Illinois University Carbondale (SIUC), 
two concrete composites and conventional concrete were selected to conduct further 
laboratory testing and construct the barriers. The two concrete composites selected were: 
(1) 100 percent replacement of natural fine aggregate with PCC bottom ash; and (2) 50 
percent replacement of natural fine aggregate with PCC bottom ash. To achieve the 
intended objectives, a number of laboratory tests were performed to determine strength, 
stiffness, and durability characteristics of the trial composites. Laboratory tests on 
cylindrical and beam-shaped samples included: compression, splitting tension, flexure, 
air-void structure tests, resistance to freezing and thawing, and chloride penetrability 
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tests. Full-size temporary road barriers were constructed using these concrete composites and 
an equivalent conventional concrete. The barriers are being used on actual project sites by 
IDOT. Monitoring of barriers under actual field conditions will continue. 
 
 

EXPERIMENTAL PROCEDURES 
 
 
Material Preparation for Laboratory Test 
 
The materials used in this investigation were Type I Portland Cement as binder, crushed 
limestone as a coarse aggregate, natural sand and Illinois PCC dry bottom ash as a fine 
aggregate, and water. Table 4 shows the sources of all the ingredients used. 
 

Table 4: Sources of Ingredients 
 

Material Source 

Portland Cement Lonestar Industries, Greencastle, Indiana through Egyptian Concrete Co. 
Coarse Aggregate Martin Maretta, Perryville, Missouri through Egyptian Concrete Co. 
Natural Fine 
Aggregate 

Jackson County Sand and Gravel through Illini Ready Mix (for 
laboratory mixtures) 
Mattoon Sand and Gravel Through Egyptian Concrete Co. (for barrier 
construction)  

Illinois Bottom Ash City Water Light and Power (CWLP) in Springfield, Illinois 
Water Reducer Gellinium 3000NS supplied by Masters Builders, Inc. 
Air Entraining 
Agent 

MBVR Concentrate supplied by Masters Builders, Inc. 

 
 
Mixing Procedure for Laboratory Tests 
 
Mixing procedure is an important parameter of sample preparation, if overlooked, it can 
have an adverse affect on the strength and durability of short, and long-term 
characteristics of concrete. In order to obtain reproducible results, the following mixing 
procedure was adopted: 
 

(1) The absorption capacity and moisture content of the raw materials were 
determined and accounted for in all mixture proportion designs. 

 
(2) The specified quantities of cement, Illinois PCC bottom ash, fine and coarse 

aggregate, water, and admixtures were weighed using electronic scale. The batch 
volume of 0.6 cubic feet and water to cementitious material ratio (w/c) of 0.39 
were kept constant for all mixtures. 
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(3) An electronically driven counter-clock revolving pan mixer was used for batch 

preparation. The pan was cleaned and dried prior to placement of the raw 
materials. Mixing was started by placing the coarse aggregate into the rotating 
pan and allowing it to blend with 1/3 of the mix water for a period of 3 minutes. 
Subsequently, fine aggregates were slowly added and blended with another one 
third of the measured mix water, and mixing continued for another 3 minutes. 
Next, the measured cement and the remaining mix water were gradually added to 
the mixer. The mixing process continued for an additional 3 minutes to ensure 
proper blending. 

 
(4) After mixing was completed, the slump test was performed as described by 

ASTM C 143 “Standard Test Method for Slump of Hydraulic Cement Concrete.”  
Each batch of concrete was tested for slump to ensure consistency of mixtures 
throughout the investigation.  

 
(5) The matrix was used to prepare 4-inch diameter and 8-inch high samples for 

compression, split tension, and chloride penetrability tests. Beam-shape samples 
were prepared for flexure strength and freeze-thaw tests. 

 
Testing Procedure for Hardened Concrete Samples 
 
Tests performed to obtain the strength characteristics of concretes consisted of 
compression, splitting-tensile, and flexural test. In addition air-void structure tests, rapid 
freeze-thaw tests, and chloride penetrability tests were performed to evaluate durability 
characteristics of concretes. The description of each testing method is given below. 
 
Compression Test. The cylindrical specimens were tested for compression in general 
accordance with ASTM C 39 “Standard Test Method for Compressive Strength of 
Cylindrical Concrete Specimens”. To ensure the application of uniaxial compression 
loading, the surfaces of the upper and lower platens of the compression machine were 
cleaned and the specimen was placed on the hardened steel surface of the lower platen, 
aligning the specimen with the center of the upper spherically seated platens. The load 
was applied continuously at a rate of 22,500 lb/min until failure. 
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Splitting-Tensile Test. The splitting-tensile test was performed in accordance with ASTM 
C 496 “Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete 
Specimens.”  Prior to testing, each specimen was marked with a center line for accurate 
positioning under center loading. The cylindrical specimen was placed with axis parallel 
to the loading platens. Two plywood bearing strips 1/8 inches (3.2mm) thick and 1 inch 
(25.4mm) wide were placed between the specimen and the upper and lower bearing 
surfaces. The load was applied uniformly, at a constant rate of 7500 lb/min, along the 
length of the specimen. The specimen splits into two halves when failure occurred. The 
failure load was recorded. 
 
Flexural Test. The flexural test followed the specification of ASTM C 78 “Standard Test 
Method for Flexural Strength of Concrete (using simple Beam with Third-Point 
Loading).”  Prior to testing, each 4 x 4 x 14 in (101.6 x 101.6 x 355.6 mm) specimen was 
marked with four lines for accurate positioning under loading heads. The load was 
applied continuously at a constant rate until the failure occurred.  
 
Air-Void Structure Tests. Several samples were prepared and tested for air content of the 
fresh mixtures. The dose of the air entraining agent was adjusted to achieve the targeted 
air content of 7-8 percent. Cylindrical specimens were prepared from the mixtures which 
had fresh air void content close to the targeted air content to evaluate air-void structure of 
the hardened specimens. American Engineering Testing, Inc. was contracted to perform 
the air-void structure tests. 
 
Resistance to Freezing and Thawing. The laboratory tests to examine resistance of 
concrete composites with respect to freezing and thawing were conducted as per the 
standard procedures given in ASTM C666/C666M-03, Procedure A (Standard test 
Method for Resistance of Concrete to Rapid Freezing and Thawing). The test was 
performed to determine the resistance of concrete specimens to rapidly repeated cycles of 
freezing and thawing. In order to have an independent opinion about the freezing-thawing 
characteristics of the concrete composites studied during this investigation, American 
Engineering Testing, Inc. was contracted to perform the tests. Since the previous studies 
on utilization of Illinois PCC bottom ash in concrete composites show that the strength in 
the concrete composites at early curing ages is slightly slower compared to an equivalent 
conventional concrete, it was decided to perform the freezing thawing tests after curing 
ages of 14 days and 28 days. 
 
Chloride Penetrability. The chloride ion penetrability tests were performed on 4-inch 
diameter and 2-inch thick specimens. In order to obtain specimens of this size, 4-inch 
diameter and 8-inch tall specimens were cut into 2-inch thick slices using a diamond saw 
machine. The specimens were tested at curing ages of 3, 7, 28, 60, 90, and 180 days. The 
tests were performed using the standard test method for “Electrical Indication of 
Concrete’s Ability to Resist Chloride Ion Penetration” (ASTM Designation C1202-97 
and AASHTO Designation T277). 
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Construction of Road Barriers 
 
A total of 44 temporary road barriers were constructed using the forms available at 
Egyptian Concrete in Salem, Illinois. All barriers were constructed as per IDOT 
specifications for the new F-shape barriers. Out of the 44 barriers constructed, 16 were 
constructed using each of the concrete composites RB100 and RB50, and 12 were 
constructed using an equivalent conventional concrete RBCM. All barriers were 
appropriately reinforced as per IDOT specifications.  
 
Reinforcement cages for all barriers were first prepared and the completed reinforcement 
cages were placed in the forms and concrete was placed using free fall. Fresh concrete in 
the forms was appropriately vibrated. After two days barriers were taken out of the forms 
and were stacked. Figure 4 shows a picture of road barrier construction in progress. 
Figure 5 shows a picture of completed barriers staked in the yard of Egyptian Concrete 
Co., Salem, Illinois. 

 

 
 

Figure 4. Barrier construction in progress 
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Figure 5. Completed barriers 
RESULTS AND DISCUSSION  

Task I 
 
Task I of the project consisted of laboratory testing of concrete composites and an 
equivalent conventional concrete. This task was necessary to identify suitable mixtures 
that have potential of performing satisfactorily under actual field conditions. A number of 
laboratory tests were performed to determine strength and durability characteristics of the 
trial composites. 
 
A total of three Portland cement based composites having different matrix constituents 
and proportions were tested. Mixture designation and percent of different matrix 
constituents used to prepare the composites are presented in Table 1. Table 2 presents 
general specifications of the concrete composites. Table 5 and 6 provide chemical 
composition and physical properties of Portland cement, respectively. Table 7 provides 
chemical composition of Illinois PCC dry bottom ash and Table 8 provides Physical 
Properties of Illinois PCC bottom ash, natural siliceous fine aggregate, and limestone 
coarse aggregates. 
  

Table 1:  Mixture Constituents (The same as presented in Executive Summary) 
 

 
Mixture 

Designation 

Binders  
(%) 

Fine Aggregates 
 (%) 

 
Remarks 

Portland 
Cement 

PCC Fly 
Ash 

PCC Dry 
Bottom Ash 

Natural Sand 

RBCM 100 0 0 100 Control Mix 
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RB50 100 0 50 50  
RB100 100 0 100 0  

 All matrices were prepared at a uniform water-to-cementitious ratio of 0.375 and a constant slump of 
4±½ inches 

 
Table 2:  General Specifications (The same as presented in Executive Summary) 

 
Description Specification 

Targeted Slump 4±½ in. 
Targeted Air Content 7 % 
Targeted 28 days Strength from the Lab Specimens (Prepared and 
Cured in lab under controlled conditions) 

5000 psi 

Targeted 28 days Strength from the Field Specimens (Prepared 
during construction and cured along with the barriers, i.e., not cured 
in water) 

4000 psi 

Water-to-cement ratio (w/c) for all mixtures 0.39 
   
 
 
 
 
                        Table 5: Chemical Compositions of Portland Cement  
 

Chemical Compositions Test Results 
(%) 

Standard Limits 
(ASTM C 150) 

Calcium Oxide (CaO) 62.62 None 
Magnesium Oxide (MgO) 1.24 Maximum 6.0% 
Sulfur Trioxide (SO3) 3.32 Maximum 4.5% 
Loss on Ignition (%) 0.95 Maximum 3.0% 
Tricalcium Silicate (C3 56.00 S) None 
Tricalcium Aluminate (C3 10.00 A) Maximum 15.0% 
Insoluble Residues 0.35 Maximum 0.8% 
Total Alkali 0.59 None 

 
Table 6: Physical Properties of Portland Cement 

 
Physical Properties Test Results Standard Limits  

(ASTM C 150) 
Compressive Strength (psi) 
   3-day 
   7-day 

 
3500  
5060  

 
Minimum 1800 
Minimum 3500 

Surface Area, Blaine (m^2/kg)) 
                       Wagner (m^2/kg) 

342 
192 

Minimum 280 
Minimum 160 

Setting Time, minutes   
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   Vicat Initial 
   Vicat Final 

N/A 
80 

Minimum 45 
Maximum 375 

Autoclave Expansion, % 0.034 Maximum 0.80% 
Air content, % 8.3 Maximum 12% 

 
Table 7: Chemical Properties of Illinois PCC Dry Bottom Ash 

 
Chemical Composition PCC 

Dry Bottom Ash 
(%) 

Standard Limits 
(ASTM C 618) 

Silicon Dioxide (SiO2) 46.84 --- 
Aluminum Oxide (Al2O3) 14.36 --- 
Iron Oxide (Fe2O3) 18.65 --- 
Total (SiO2 + Al2O3 + Fe2O3) 79.85 50% Min 
Sulfur Trioxide (SO3) 0.33 5.0% Max 
Calcium Oxide (CaO) 7.24 --- 
Magnesium Oxide (MgO) 1.04 --- 
Loss on Ignition 4.21 6% Max 
Free Moisture N/A 3% Max 
Available Alkalies as Na2O 1.73 1.5% Max 
Potassium Oxide (K2O) 1.20 --- 
Others (P2O5, TiO2, and etc.) 2.10 --- 

                 
Table 8:  Physical Properties of Illinois PCC Bottom Ash, Natural Siliceous Fine 

Aggregate, and Limestone Coarse Aggregates 
 

Physical Modulus Fine Aggregate Coarse 
Aggregate 

 
PCC  

  Bottom Ash 
Natural 

Sand 
 

Fineness Modulus 2.67 2.80 6.10 
Specific 
Gravity  

Oven Dry 2.40 2.65 2.64 
Saturated Surface Dry 2.52 2.66 2.67 

Absorption (%) 10.00 0.50 0.75 
Organic Impurities None None --- 
Clay Lump & Friable Particles (%) 9.80 1.75 --- 
Size (inches) 
 

Maximum  --- --- 1 
Maximum Nominal --- --- ¾ 

Rodded Unit 
Weight (pcf) 

Oven Dry --- --- 93.50 
Saturated Surface Dry --- --- 94.20 

Void Ratio (%) --- --- 43.75 
 
 



 
 

 

9 

Strength of concrete is commonly considered its most valuable property, although, in 
many practical cases, other characteristics, such as durability and permeability, may in 
fact be more important. Nevertheless, compressive strength test usually gives an overall 
picture of the quality of concrete because strength is directly related to the structure of the 
hydrated cement paste. Moreover, the strength of the concrete is almost invariably a vital 
element of structural design and is specified for compliance purposes. 
 
It is generally believed that the development of strength is due to the growth of 
interlocking crystals and cohesion developed in a gelatinous substance that is produced 
during the hydration process of cementing materials. Compressive and tensile strengths 
of concrete are influenced by several factors, including matrix constituents (type and 
surface texture of aggregates), type and degree of densification, mixture proportions, and 
curing age. Out of these factors, mixture proportions and curing age have the largest 
influence on the strength properties of concrete. Influence of curing age and mixture 
proportions on the strength properties of concrete composites selected for this study is 
discussed below. 
 
Strength Characteristics 
 
According to the design and construction criteria for new barriers, IDOT has specified 
that the pre-cast units shall not be removed from the casting beds until a flexural strength 
of 300 pounds per square inch (psi) or a compressive strength of 1400 psi is attained. Pre-
cast units shall not be transported to the job site until a minimum flexural strength of 650 
psi or a minimum compressive strength of 3500 psi is attained. In no case shall the pre-
cast units be loaded, shipped, and used prior to four days after casting.  
 
Based on the information obtained form the manufactures of temporary road barriers, 
target compressive strengths shown in Table 2 were selected for all concrete composites. 
Quantity of cement per yard of concrete for all mixtures was kept constant at 650 lb. 
Water-to-cement ratio (w/c) for all mixtures was kept constant at 0.39. In order to obtain 
workable concrete, water reducer was used and to obtain targeted air content in the 
concrete, air entraining agent was used. The amounts of water reducer and air entraining 
agent required were obtained by performing preliminary testing in the laboratory.  
 
Compression, splitting-tensile, and flexure strength tests were performed in the laboratory 
at curing ages of 7, 28, 60, 90, and 180 days. Results from these tests are presented in the 
following sections.  
 
Compressive Strength  
 
Table 9 and Figure 1 show the influence of curing age on compressive strength of 
concrete composites and conventional concrete. In addition, Figure 1 shows the 
compressive strength of concrete composites compared to that of an equivalent 
conventional concrete at each curing age. From Figure 1 it is clear that compressive 
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strength of the composites increased with an increase in curing age but the rate of 
increase in compressive strength reduced after 28 days. Results also show that the 
compressive strength of the concrete composites studied in the investigation was less than 
that of conventional concrete up to a curing age of approximately 7 days. However, after 
7 days of curing, compressive strength of concrete composites made with Illinois PCC 
dry bottom ash was observed to be either higher than or almost equal to that of an 
equivalent conventional concrete. 
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Table 9:  Compressive Strength of Concrete Composites and Conventional Concrete 
(Samples Prepared and Cured in the Laboratory) 

 
Mixture Designation Curing Age (Days) 

3 7 28 60 90 180 
RBCM fc 3983 ' (psi) 4647 5748 6309 6259 7031 

% Respect to 28 Days 69 81 100 110 109 122 
RB100 fc 3657 ' (psi) 4266 6226 6641 8240 8987 

% Respect to 28 Days 59 69 100 107 132 144 
RB50 fc 3745 ' (psi) 4382 5640 6356 7289 8333 

% Respect to 28 Days 66 78 100 113 129 148 
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Figure 1. Compressive strength of concrete composites prepared and cured in the 

laboratory (The same as presented in Executive Summary) 
 
 
Splitting-Tensile Strength of Laboratory Specimens 
 
Table 10 and Figure 6 show the influence of curing age on splitting tensile strength of 
concrete composites and conventional concrete. In addition, Figure 6 shows the splitting-
tensile strength of concrete composites compared to that of an equivalent conventional 
concrete at each curing age. Similar to the observations made from compressive strength 
results, Figure 6 shows that splitting-tensile strength of the composites increased with an 
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increase in curing age but the rate of increase in splitting-tensile strength reduced after 28 
days. Results also show that the splitting-tensile strength of the concrete composites 
studied in the investigation was less than that of conventional concrete up to a curing age 
of approximately 7 days. However, after 7 days of curing, splitting-tensile strength of 
concrete composites made with Illinois PCC dry bottom ash was observed to be either 
higher than or almost equal to that of an equivalent conventional concrete. 
 
 

Table 10: Splitting Tensile Strength (ft

Mixture Designation 

’) of Concrete Composites 

 
Curing Age (Days) 

3 7 28 60 90 180 

RBCM ft 475 ' (psi) 509 542 587 502 587 
% Respect to 28 Days 88 94 100 108 93 108 

RB100 ft 393 ' (psi) 508 555 692 742 761 
% Respect to 28 Days 71 92 100 125 134 137 

RB50 ft 376 ' (psi) 465 526 624 555 689 
% Respect to 28 Days 72 88 100 119 105 131 
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Figure 6. Splitting-tensile strength of composites for various curing ages 
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Flexural Strength of Laboratory Specimens 
 
Table 11 and Figure 7 show the influence of curing age on splitting tensile strength of 
concrete composites and conventional concrete. In addition, Figure 7 shows the flexural 
strength of concrete composites compared to that of an equivalent conventional concrete 
at each curing age. Similar to the observations made from compressive strength results, 
Figure 7 shows that flexural strength of the composites increased with an increase in 
curing age but the rate of increase in flexural strength reduced after 28 days. Results also 
show that the flexural strength of the concrete composites studied in the investigation was 
less than that of conventional concrete up to a curing age of approximately 7 days. 
However, after 7 days of curing, flexural strength of concrete composites made with 
Illinois PCC dry bottom ash was observed to be either higher than or almost equal to that 
of an equivalent conventional concrete. 
 

Table 11: Flexural Strength (fr

Mixture Designation 

’) of Concrete Composites 

 
Curing Age 

3 7 28 60 90 180 
RBCM fr 656 ' (psi) 769 723 767 838 874 

% Respect to 28 Days 91 106 100 106 116 121 
RB100 fr 506 ' (psi) 666 773 844 892 1087 

% Respect to 28 Days 65 86 100 109 115 141 
RB50 fr 562 ' (psi) 721 777 836 862 1162 

% Respect to 28 Days 72 93 100 108 111 150 
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Figure 7. Flexural strength of composites for various curing ages 
From the results on strength characteristics of concrete composites presented, it was 
concluded that long-term strength of the selected concrete composites made with Illinois 
PCC bottom ash is likely to be either higher or equal to that of an equivalent concrete.   
 
Durability Characteristics 
 
Tests on durability of concrete composites in terms of air-void structure, resistance to 
freezing and thawing, and chloride penetrability tests are presented in this section.   
 
Air-Void Structure Tests 
 
Table 12 presents the air content of the fresh and hardened concrete composites which 
were used for freeze-thaw tests. Figure 8 shows the air-void distribution in hardened 
concrete composites RB50. The air content of the fresh concretes was measured using 
ASTM 231-04 (Standard test Method for Air Content of Freshly Mixed Concrete by the 
Pressure Method) and air-void structure tests were conducted as per the standard 
procedures given in ASTM C457-98 (Standard Test Method for Microscopical 
Determination of Parameters of the Air-Void System in Hardened Concrete). The air-
void structure tests on hardened concrete were conducted by an independent agency, 
American Engineering Testing (AET). 
 

Table 12: Fresh and Hardened Air Contents 
 

Description RBCM RB50 RB100 
 Fresh Air Void Content (%) 7.5 8 7.5 
 Hardened Air Void Content (%) - Total 7.0 7.9 7.1 
 Entrained Air Void Content (%) - ≤ 0.04 inch 6.7 7.6 6.9 
 Entrapped Air Void Content (%) - > 0.04 inch 0.3 0.3 0.2 
 Air Void / inch 17.6 23.3 23.15 
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Figure 8. Picture showing the air void distribution in a concrete composite RB50 
(hardened air void content 7.9 percent) 
 
Table 12 shows that with the doses of air-entraining agent selected, air content of the 
fresh and hardened concrete within the range selected were achieved. It is important to 
note that the doses of air entraining agent required to achieve the targeted air content in 
the concrete composites made with Illinois PCC bottom ash were higher than those 
required for an equivalent conventional concrete. In addition to the air void content, air 
void distribution per inch was observed to be higher for concrete composites compared to 
that in an equivalent conventional concrete indicating acceptable location of escape 
boundaries. 
 
Freeze-Thaw Characteristics of Concrete Composites 
 
Freeze-thaw tests were performed on specimens prepared using concrete composites and 
an equivalent conventional concrete. Tests were performed on two sets of specimens, i.e., 
specimens cured for 14 days before starting the tests and specimens cured for 28 days 
before staring the tests. Samples were prepared at SIUC and were tested by an 
independent testing agency, American Engineering Testing (AET). Table 3 presents the 
weight loss, length expansion, and relative dynamic modulus (RDM) of all the specimens 
tested after 302 cycles of freezing and thawing. Figure 3 shows the RDM of specimens of 
concrete composites compared to the RDM of specimens prepared from an equivalent 
conventional concrete after 302 cycles of freezing and thawing. The results presented in 
Table 3 show that the change in length of specimens prepared using Illinois PCC bottom 
ash is similar to that in the equivalent conventional concrete, except for RB100-28D 
which seams to be anomalous. Relative dynamic modulus of specimens prepared with 
Illinois bottom ash was observed to be slightly lower than that of the equivalent 
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conventional concrete (Figure 3). However, RDM of all concrete composites was 
measured to be above 80 percent which represents good durability with regard to freeze-
thaw resistance. The report prepared by AET indicated mortar flaking in samples 
prepared using Illinois bottom ash which caused higher weight loss of specimens having 
Illinois PCC bottom ash.  
 
Table 3:  Freeze Thaw Data after 302 Cycles (Tests Performed by AET) (The same 

as presented in Executive Summary) 
 

Description Sample Number 
RBCM- 

14D 
RB50-
14D 

RB100-
14D 

RBCM- 
28D 

RB50-
28D 

RB100-
28D 

Wt. Loss, % 0.230 0.346 0.502 0.230 0.350 0.962 
Length Exp., % 0.024 0.027 0.025 0.024 0.025 0.052 
RDM, % 87 86 82 87 85 83 

 

50

55

60

65

70

75

80

85

90

RB100-14D RB50-14D RBCM-14D RB100-28D RB50-28D RBCM-28D

Curing Period Before Start of Test (Days)

R
D

M
 (%

)

 
Figure 3. Relative dynamic modulus of concrete composites compared to an 
equivalent conventional concrete (Tests performed by AET) (The same as presented 
in Executive Summary) 
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Chloride Penetrability 
 
Table 13 presents the charges passed in coulombs and description of chloride ion 
penetrability for all specimens tested during this investigation. Average charges passed 
through all specimens of a particular concrete at a particular curing age are also shown in 
Table 13. 
 
Change in Chloride Ion Penetrability with Curing Age. Figure 9 shows the effect of 
curing age on the charges passed, and in turn resistance to chloride ion penetration, 
through concrete composites and an equivalent conventional concrete. Figure 9 clearly 
shows that the charges passed through all three concretes decreased with the increase in 
curing age, i.e., the resistance to chloride ion penetration increased with the increase in 
the curing age. The rate of decrease in the charge passed is significantly high at early 
curing ages, i.e., up to the curing age of 28 days, compared to the rate of decrease in 
curing ages beyond 28 days. For concrete composite made by replacing 50 percent of 
natural fine aggregate with Illinois PCC bottom ash (RB50), the average charges passed 
changed progressively from 5598 (high permeability) after 3 days of curing, to 2599 
(moderate permeability) after 7 days of curing, to 1109 (low permeability) after 28 days 
of curing, and finally to 181 (very low permeability) after 180 days of curing.   
 
Effect of Bottom Ash on Chloride Ion Penetrability. Figure 10 shows the effect of 
replacing natural fine aggregate with Illinois PCC bottom ash on the charges passed, and 
in turn resistance to chloride ion penetration, through concrete composites and an 
equivalent conventional concrete. Figure 10 and Table 13 show that the average charge 
passed through concrete composite, B100 after 3 days of curing is 6965 coulombs which 
is 1.7 times that passed through an equivalent concrete, RBCM and is 1.24 times that 
passed through concrete composite, RB50. However, at the curing age of 7 days, average 
charge passed through concrete composite, B100 is only 1.14 times that passed through 
an equivalent concrete, RBCM and 1.08 times that passed through concrete composite, 
RB50. At the curing age of 28 days and beyond the average charge passed through the 
concrete composites RB100 and RB50 is less than that passed through an equivalent 
conventional concrete, RBCM. It is clear from Figure 10, that at early curing ages, the 
charges passed through concrete composites are higher than those passed through an 
equivalent conventional concrete, which means that at early curing ages the concrete 
composites have less resistance to chloride ion penetration compared to the resistance of 
conventional concrete. However, beyond the curing age of 28 days, the charges passed 
through concrete composites are lower than those passed through an equivalent 
conventional concrete, indicating that the concrete composites have higher resistance to 
chloride ion penetration compared to the resistance of conventional concrete. The results 
also show that after 28 days of curing, as the amount of bottom ash increased, the 
resistance to chloride ion penetration increased. 
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Table 13: Charges Passed and Description of Chloride Ion Penetrability of all 

Specimens Tested 
 

Curing 
Age 

(days) 

Concrete Types 
RBCM RB50 RB100 

Charge 
Passed 

(coulombs) 

Permeability 
Class 

 

Charge 
Passed 

(coulombs) 

Permeability 
Class 

 

Charge 
Passed 

(coulombs) 

Permeability 
Class 

 

3 
 
 

3954 Moderate 5553 High 6965 High 
4645 High 5553 High   
3699 Moderate 5688 High   

Avg.=4099 High Avg.=5598 High Avg.=6965 High 

7 
 
 

2074 Moderate 2533 Moderate 3070 Moderate 
2689 Moderate 2419 Moderate 2558 Moderate 
2631 Moderate 2837 Moderate   

  2608 Moderate   
Avg.=2465 Moderate Avg.=2599 moderate Avg.=2814 moderate 

28 
 
 
 

1891 low 1069 Low 754 Very low 
1892 Low 1145 Low 849 Very low 
1714 low 975 Low 831 Very low 
1715 Low 1115 Low 791 Very low 

  1240 Low 845 Very low 
    743 Very low 

Avg.=1803 Low Avg.=1109 Low Avg.=802 Very Low 

60 
 
 
 

1665 Low 435 Very Low 377 Very Low 
1507 low 436 Very Low 384 Very Low 
1547 Low 526 Very Low 440 Very Low 
1757 Low 422 Very Low 393 Very Low 
1591 Low   348 Very Low 
1191 Low     

Avg.=1543 Low Avg.=455 Very Low Avg.=388 Very Low 

90 
 

  

1698 Low 460 Very low 275 Very Low 
1262 

 
Low 

 
402 

 
Very low 

 
296 Very Low 
291 Very Low 

Avg.=1480   Avg.=431   Avg.=287   
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Figure 9. Charges passed as a function of curing ages  
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Figure 10. Comparative histogram showing the effects of increase of bottom ash on 
charges passed  
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Task II 
 
Task II of the project consisted of construction of full-size road barriers using the 
concrete composites identified in Task I according to IDOT specifications. In addition, 
concrete samples were prepared from the concretes used to construct the barriers and 
were tested in the laboratory. Figure 4 and 5 show construction of the barriers and 
completed barriers, respectively. Results of compressive strength test performed on the 
concrete samples prepared during construction of the barriers are presented below. 
 
Compressive Strength of Field Specimens (not cured in water) 
 
Figure 2 presents the summary of compressive strength results obtained from 6x12 inch 
cylindrical specimens prepared and tested by Egyptian Concrete Co. from the concretes 
used to construct the barriers. These samples were left outside with the barriers and were 
not cured in water. The results presented in Figure 2 are the average of all specimens 
prepared and tested from each type of mix. Two specimens were prepared and tested at 
each curing age from each batch of mix which was used to construct 2 barriers. As shown 
in Figure 2, the average compressive strength of concrete composite with 100 percent 
bottom ash after 28 days is slightly higher than that of an equivalent concrete and the 
average compressive strength of concrete composite with 50 percent bottom ash is almost 
equal to that of an equivalent conventional concrete.  
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Figure 2. Compressive strength results from samples prepared during barrier 
construction and cured with the barriers under field environmental conditions 
(Samples prepared and tested by Egyptian Concrete Co.) - (The same as presented 
in Executive Summary) 
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Task III 
 
The purpose of Task III of the project was to evaluate performance of the road barriers 
under actual field stress and weather conditions. After construction and curing of the 
barriers, 40 barriers were shipped to ET Simonds Construction Company in Carbondale 
Illinois as directed by Illinois Department of Transportation (IDOT) and 4 barriers were 
shipped to SIUC for further monitoring. Figure 11 shows the picture of barriers being 
unloaded from a truck at ET Simonds Construction Company. The barriers from ET 
Simonds Construction Company were then transported to a construction site in 
Thompsonville, Illinois for use on an actual IDOT construction site. Figure 12 shows a 
picture of the barriers on the project site. Performance of the barriers under field 
conditions was monitored on a regular basis.  
 
Based on the field evaluations made so far, the barriers made with Illinois PCC bottom 
ash concrete composites have not shown signs of any distress and have performed similar 
to those made from an equivalent conventional concrete. However, it is important to note 
that field evaluation of the barriers has been done only for a relatively short period time. 
Continuous monitoring of barriers is required for determining long-term performance of 
the barriers.   
 

 
 

Figure 11. Unloading of barriers is in progress 
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Figure 12. Barriers on an actual construction site 
 
 

CONCLUSIONS AND RECOMMENDATIONS 
 

• Based on the strength tests performed on the samples prepared and cured in 
laboratory, it was concluded that the strength of concrete composites was greater 
than the targeted strength. In addition, strength of concrete composites was 
slightly less than that of an equivalent conventional concrete at early curing ages 
whereas long-term strength of concrete composites was observed to be higher 
than that of an equivalent conventional concrete.  

• The fresh and hardened air content tests performed on the concrete composites 
showed that required amount of air can be successfully entrained in the concrete 
composites. However, the amount of air entraining agent required for entraining 
specified amount of air was higher than that required for entraining the same 
amount of air in the conventional concrete. 

• Performance of the concrete composites under rapid freeze-thaw conditions was 
observed to be satisfactory for all practical purposes. However, the performance 
was slightly inferior compared to that of an equivalent conventional concrete.  

• Concrete composites made with Illinois PCC bottom ash showed slightly lower 
resistance to chloride ion penetration at early ages compared to that shown by an 
equivalent conventional concrete. However, after 28 days of curing, concrete 
composites showed better resistance to chloride ion penetration compared to that 
shown by an equivalent conventional concrete.  
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• Based on the field observation made so far, it appears that the performance of 
barriers made with Illinois PCC bottom ash is similar to that of barriers made with 
an equivalent conventional concrete. 

 
• Continuous field monitoring and evaluations of field performance of the barriers 

are required to access the long-term performance of the barriers. Therefore, it is 
recommended that field monitoring and evaluations be continued. 
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